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The persisting consistency of ever more accurate observational data with the predictions of the
standard ΛCDM cosmological model puts severe constraints on possible alternative scenarios, but
still does not shed any light on the fundamental nature of the cosmic dark sector. As large deviations
from a ΛCDM cosmology are ruled out by data, the path to detect possible features of alternative
models goes necessarily through the definition of cosmological scenarios that leave almost unaffected
the background and – to a lesser extent – the linear perturbations evolution of the universe. In this
context, the Multi-coupled DE (McDE) model was proposed by Baldi [9] as a particular realization
of an interacting Dark Energy field characterized by an effective screening mechanism capable of
suppressing the effects of the coupling at the background and linear perturbation level. In the present
paper, for the first time, we challenge the McDE scenario through a direct comparison with real data,
in particular with the luminosity distance of Type Ia supernovae. By studying the existence and
stability conditions of the critical points of the associated background dynamical system, we select
only the cosmologically consistent solutions, and confront their background expansion history with
data. Confirming previous qualitative results, the McDE scenario appears to be fully consistent with
the adopted sample of Type Ia supernovae, even for coupling values corresponding to an associated
scalar fifth-force about four orders of magnitude stronger than standard gravity. Our analysis
demonstrates the effectiveness of the McDE background screening, and shows some new non-trivial
asymptotic solutions for the future evolution of the universe. Clearly, linear perturbation data and,
even more, nonlinear structure formation properties are expected to put much tighter constraints
on the allowed coupling range. Nonetheless, our results show how the background expansion history
might be highly insensitive to the fundamental nature and to the internal complexity of the dark
sector.
PACS numbers: 98.80.-k, 04.40.-b, 95.36.+x, 95.35.+d, 97.60.Bw, 98.80.Es.
Keywords: dark energy theory, dark matter theory, supernova type Ia - standard candles, dark energy
experiments
I. INTRODUCTION
The standard model of cosmology – characterized by
the existence of two distinct forms of gravitating en-
ergy that do not interact with the electromagnetic field,
thereby evading direct observations – has been tremen-
dously challenged over the past decade by the impressive
improvements in the accuracy of observational tests. De-
spite the wide variety of complementary probes that have
been progressively developed in order to test the consis-
tency of the model, covering a huge range of scales and
redshifts, no significant deviation from the predictions of
standard cosmology has been detected so far, even with
the exquisite accuracy recently reached by the Planck
satellite [2]. Nonetheless, such ever-increasing accuracy
in the consistency checks on the model and in the pre-
cise determination of its few basic parameters has shed
no light on the fundamental nature of the two dominat-
ing constituents of the Universe, Dark Energy (DE) and
Cold Dark Matter (CDM).
While the former appears to be fully consistent with
the predictions of a cosmological constant Λ, more sophis-
ticated possibilities like dynamical or interacting DE, or
large-scale modifications of gravity (see e.g. [6]), have not
yet been excluded, and retain most of their original ap-
peal as possibly alleviating the fundamental fine-tuning
problems of Λ. In particular, several alternative DE sce-
narios can mimic the evolution of a cosmological constant
closely enough to evade present observational bounds.
Similarly, while the evidence in favor of a CDM com-
ponent from astrophysical and cosmological observations
is now hardly controvertible, none of the experimental
efforts put in place so far have been able to provide a
clear and statistically significant detection of any of the
plausible CDM particle candidates, arising in different
extensions of the standard model of particle physics.
In such context, it is interesting to explore specula-
tive models with a higher level of internal complexity
of either of these two mysterious dark fields, or pos-
sibly of both, as long as present observational bounds
are matched. In particular, for what concerns the
DE sector, dynamical DE models such as Quintessence
[31, 36] or k-essence [7] have been proposed, possi-
bly also featuring non-negligible perturbations at sub-
horizon scales [12, 17, 18, 33] or direct interactions with
CDM [3, 8, 19, 37] or massive neutrinos [4], as well as
modified gravity models [21]. While a large portion of
the parameter space of such models has been progres-
sively ruled out by increasingly accurate observational
constraints, the range of parameters that remains viable
still offers the chance of some relevant non-standard phe-
ar
X
iv
:1
30
5.
31
06
v3
  [
as
tro
-p
h.C
O]
  9
 Ju
l 2
01
3
2nomenology [see e.g. 30]. Similarly, for the CDM sector,
several possible extensions of the standard model have
been proposed, ranging from Warm Dark Matter mod-
els [WDM, see e.g. 15] to Self-Interacting Dark Matter
[SIDM, see e.g. 1, 20, 25, 35] or mixed Cold+Warm Dark
Matter scenarios [22, 27], characterized by the existence
of more than one Dark Matter particle species. More
recently, models with almost degenerate multiple CDM
species have been also considered [see 28].
While the most basic and widely investigated models of
interactions between the DE field and CDM particles are
now robustly constrained through their predicted impact
on the background and linear perturbation evolution [see
e.g. 13, 23, 29, 32, 38] as well as through their effects on
nonlinear structure formation [8, 11, 24, 26], Brookfield
et al. [16] have recently shown that if DE interactions are
associated with a higher level of complexity of the CDM
sector, such constraints might significantly relax, leav-
ing room for a new class of non-standard cosmological
scenarios. More specifically, if DE interacts with differ-
ent couplings to different species of CDM particles, the
impact of the interaction on background and linear per-
turbations can be relatively mild even for individual cou-
pling values largely exceeding the present observational
bounds for the case of an interaction with a single CDM
species.
While the drawback of such class of models might re-
side in the need to introduce a large number of new free
parameters associated with each individual interaction
channel, we will focus in the present paper on a particu-
lar realization of this scenario recently proposed by Baldi
[9], which involves only two different species of CDM par-
ticles characterized by the same absolute value of the
coupling to the DE field but with opposite signs, thereby
requiring no more parameters than a standard interact-
ing DE model.
In the present paper, we will provide the first direct
comparison of such a “Multi-coupled DE” (McDE) sce-
nario with the supernova luminosities of the publicly
available Union2.1 sample [34]. Confirming previous
qualitative results, our analysis will show how present ob-
servational data on the background expansion are fully
consistent with McDE scenarios even for very large val-
ues of the DE coupling, up to three orders of magnitude
larger than present bounds on the coupling for standard
cDE models.
The present work is organized as follows. In section II
we will review the main background equations character-
izing the McDE scenario; in section III we will perform
a phase-space analysis of the critical points of the sys-
tem, discussing their existence and stability conditions;
in section IV we will introduce the data sample adopted
in our analysis and the methods employed to compare
data with the McDE expectations, and in section V we
will discuss the outcomes of such comparison. Finally, in
section VI we will draw our conclusions.
II. BACKGROUND EQUATIONS
As mentioned above, we will study the model proposed
in the Ref. [9], defined by the action integral
S =
ˆ
d4x
√−g
[
M2Pl
2 R+
1
2 φ˙
2 −
∑
±
m±e±Cφψ¯±ψ±
− V (φ) + Lr
]
, (1)
where g is the determinant of the metric tensor, MPl =
1/
√
8piG is the reduced Planck mass and Lr is the La-
grangian of the relativistic components. The new idea
of the model is the introduction of two different CDM
species ψ± interacting with the scalar field φ through
the dimensional couplings ±C. For simplicity, we will
not consider the baryonic component of the Universe in
this work. In a homogeneous and isotropic Friedmann-
Lemaître-Robertson-Walker (FLRW) model with scale
factor a and no spatial curvature, the field equations of
McDE cosmologies are as follows:
φ¨+ 3Hφ˙+ dV
dφ
= +Cρ− − Cρ+ , (2)
ρ˙− + 3Hρ− = −C φ˙ ρ− , (3)
ρ˙+ + 3Hρ+ = C φ˙ ρ+ , (4)
ρ˙r + 4Hρr = 0 , (5)
3M2PlH2 = ρr + ρ+ + ρ− + ρφ , (6)
where an overdot represents a derivative with respect to
the cosmic time t, H ≡ a˙/a is the Hubble function, and
the total CDM density is related to the two dark matter
densities ρ± by ρCDM = ρ+ + ρ−. As in Ref. [9] we
introduce the asymmetry parameter µ as follows:
µ = Ω+ − Ω−Ω+ + Ω− , (7)
where the fractional density parameters Ωi are given by
Ωi =
ρi
3H2M2Pl
. (8)
We will denote with a subscript “0” and “in”, respec-
tively, present-day and initial values of time-dependent
parameters such as µ. We also introduce a dimensionless
coupling constant β defined as:
β ≡
√
3
2MPl C . (9)
Following Ref. [9], we restrict our analysis to the case of
an exponential self-interaction potential of the form:
V (φ) = V0 e−α1φ (10)
This particular choice simplifies the equations in analogy
with the single-field coupled dark energy model of Refs [3,
37].
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Figure 1: In the top panel we show plots of ΩDE , Ω− (dot-
dashed curve) and Ω+ (dashed curve) for the case of coupling
β = 1 and µin = 0, when (from bottom up) α = 0.5 (red
curve), α = 0.8 (blue curve), α = 1.3 (yellow curve) and
α = 1.6 (green curve). These values of α belong to the 1σ,
2σ, 3σ and > 3σ regions of the last panel of Fig. 6, respec-
tively. The black curves correspond to the ΛCDM model,
where ΩΛ is the solid black curve and Ωm is the dashed black
curve. The second and third panels show plots of wDE and
weff for the same parameters with the same color coding.
The horizontal dashed curves in the latter two panels are the
corresponding theoretical predictions for the asymptotic be-
havior, again with the same color coding. All plots are with
respect to the e-folding time variable N ≡ ln a, where a is
the scale factor. See Section II for more details. Note that
vertical lines represent the present time, which corresponds
to N = 0.
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Figure 2: As in Fig. 1 but for µin = 0.8.
Let us now introduce the following notation:
φ˙2
6M2PlH2
= x2 , (11)
V
3M2PlH2
= y2 , (12)
ρ±
3M2PlH2
= z21,2 , (13)
ρr
3M2PlH2
= r2 , (14)
After replacing the new variables (11-14) and introducing
4the new e-folding time variable N ≡ ln a (we will denote
the derivative with respect to N with a prime) and after
defining
α =
√
3
2MPl α1 , (15)
we obtain the full set of phase-space equations of McDE
cosmologies:
2H
′
H
= −(3− 3y2 + 3x2 + r2) , (16)
x′ = −xH
′
H
− 3x+ αy2 + β(z22 − z21) , (17)
y′ = −yH
′
H
− αxy , (18)
z′1 = −z1
H ′
H
− 32z1 + βxz1 , (19)
z′2 = −z2
H ′
H
− 32z2 − βxz2 , (20)
r′ = −rH
′
H
− 2r . (21)
The former system of field equations (2)-(6) are symmet-
ric for opposite signs of y, z1, z2 and r. However, only the
square of these quantities has physical meaning and there
is no need to consider solutions of both signs. Notice that
the dark energy density is
ΩDE = x2 + y2 (22)
and that
x2 + y2 + z21 + z22 + r2 = 1 , (23)
so one variable is effectively superfluous. The dark en-
ergy equation of state and effective equation of state read
respectively:
wDE =
x2 − y2
x2 + y2 , (24)
weff = x2 − y2 . (25)
We plot in Figs. 1 and 2 the behavior of the model for
some selected values of the parameters. The top panels
display plots of ΩDE, Ω− and Ω+ for α = 0.5, 0.8, 1.3, 1.6
and β = 1. These values are chosen to lie progressively
farther from the SN best fit. Hence, as expected, we see
that the plots deviate more and more from ΛCDM. The
middle and bottom panels display the evolution of the
dark energy equation of state (EOS) wDE and effective
EOS weff , respectively, for the same parameter values.
For wDE and weff , we also plot the theoretical predictions
for the asymptotic behavior (see Section III). Notice that
after an initial transient, the plots become insensitive to
µin, as will be confirmed quantitatively with the likeli-
hood analysis of Section V.
III. CRITICAL POINTS
The goal of this paper is the solution of the system of
field equations (16)-(21) and the comparison with SN Ia
data. Expressing z2 in terms of x, y, z1 via Eq. (23) and
employing the fact that we are studying the background
evolution in the matter era (and so r = 0), we can reduce
the system of equations by two. An important step is the
analysis of the critical points x′ = y′ = z′1 = 0, i.e. the
solution of the following system of equations:
0 = x2 (3− 3y
2 + 3x2)− 3x+ αy2 (26)
+ β(1− x2 − y2 − 2z21) ,
0 = y2(3− 3y
2 + 3x2)− αxy , (27)
0 = z12 (3− 3y
2 + 3x2)− 32z1 + βxz1 . (28)
We need to select the critical points which are real and
physical, i.e. with real positive energy density less than
unit. This implies |x| ≤ 1 and 0 ≤ y, z1, z2 ≤ 1. Employ-
ing the symmetries under β → −β, z1 → z2, and under
α→ −α, x→ −x and β → −β, we can discard a number
of symmetrical points and restrict our analysis to α ≥ 0,
β ≥ 0, µ ≥ 0. All the surviving points are listed in Table
I. Since we need to have a final state that is accelerated
(weff < −1/3), only points 2 and 5 can be acceptable
final states. The stable acceleration regions of points 2
and 5 are then found by linearly perturbing the system
around these points.
The eigenvalues of the linearization matrix around
point 2 are:
λp21 =
−9 + α2
3 ,
λp22 =
−9 + 2α2 − 2αβ
3 , (29)
λp23 =
−9 + 2α2 + 2αβ
6 ,
and its region of stability is defined by the condition
Re[λ1,2,3] < 0. The region of the parameter space that
is stable and accelerated is shown in dark blue in Fig. 3.
We will restrict the analysis of Sections IV and V to this
region.
The eigenvalues for point 5 are:
λp51 = −
6β
α+ β ,
λp52 = −
3α+ 6β + ∆(β)
4(α+ β) , (30)
λp53 =
−3α− 6β + ∆(β)
4(α+ β) ,
where ∆(β) ≡ [9(−36+7α2)+4α(−27+8α2)β+4(−45+
16α2)β2 + 32αβ3]1/2. The region of stable acceleration
for point 5 is shown in dark red in Fig. 3.
5No x y z1 z2 ΩDE wφ weff µ
1 ±1 0 0 0 1 1 1 0
2 α3
1
3
√
9− α2 0 0 1 −1 + 2α29 −1 + 2α
2
9 0
3 0 0 1√2
1√
2 0 0 0 0
4 − 2β3 0
√
1− 4β29 0 4β
2
9 1 4
β2
9 1
5 32(α+β)
√
9+4αβ+4β2
2|α+β|
√
−9+2αβ+2α2√
2|α+β| 0
9+2αβ+2β2
2(α+β)2
−2(α+β)β
9+2αβ+2β2
−β
(α+β) 1
Table I: Critical points. Only points 2 and 5 can have accelerated expansion (weff < −1/3). See Section III for more details.
Figure 3: Regions of stability for point 2 (blue) and point 5
(red) of Table I. The darker blue and red regions have a final
state that is accelerated (weff < −1/3). In the following, we
will restrict to these regions of stable acceleration.
Point 5 allows for a non-vanishing asymptotic value
of Ω±, while still producing acceleration. This is illus-
trated in Fig. 4. Point 5 is interesting since it automati-
cally selects one of the two forms of matter to dominate
asymptotically along with dark energy, while the other
one vanishes. This type of solutions, dubbed scaling or
stationary solutions (see e.g. [5]), have been found in
many other systems of interacting models.
IV. SN IA DATA AND METHOD
In order to constrain the parameters of the model dis-
cussed so far, we will use the Union2.1 Compilation [34] of
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Figure 4: In the top panel, ΩDE (solid, red), Ω− (dot-dashed)
and Ω+ (dashed) for β = 3.52, α= 2.56 and µin= 0. For
these values, point 5 is stable and accelerated. The second
and the third panels show wDE and weff , respectively. The
long-dashed straight lines mark the asymptotic behaviors of
the corresponding quantities. Plots are with respect to the
e-folding time variable N .
6580 Type Ia SN in the redshift range z = 0.015− 1.414.1
The predicted magnitudes are related to the luminosity
distance dL by:
m(z) = 5 log10
dL(z)
10pc , (31)
which is computed assuming spatial flatness:
dL(z) = (1 + z)
ˆ z
0
dz¯
H(z¯) . (32)
The likelihood analysis is based on the χ2 function:
χ
′2
SNIa =
∑
i
[mi −m(zi) + ξ]2
σ2i
, (33)
where the index i labels the elements of the Union2.1
dataset. The parameter ξ is an unknown offset sum
of the supernova absolute magnitudes, of k-corrections
and other possible systematics. As usual, we marginalize
the likelihood L′SNIa = exp(−χ
′2
SNIa/2) over ξ, LSNIa =´
dξ L′SNIa, leading to a new marginalized χ2 function:
χ2SNIa = S2 −
S21
S0
, (34)
where we neglected a cosmology-independent normaliz-
ing constant, and the auxiliary quantities Sn are defined
as:
Sn ≡
∑
i
[mi −m(zi)]n
σ2i
. (35)
As ξ is degenerate with log10H0, we are effectively
marginalizing also over the Hubble constant.
The luminosity distance dL(z) is obtained by integrat-
ing numerically Eqs (16)-(21). For every value of the
parameters α, β, µin and every possible value of ΩDE,0
we begin with a trial initial condition at a very large ini-
tial z that is given by ΛCDM with that particular ΩDE,0
and with Ωm,0 = Ω+0 + Ω−0 = 1− ΩDE,0. At z = 0 this
solution will produce a ΩDE,0 different from the ΛCDM
value. We then perturb by trial and error the initial val-
ues of x, y, z1, z2 until we find the sought-for ΩDE,0. We
always impose as initial value x = 0.
V. RESULTS
We will now show how the Union2.1 SN Compilation
constrains the McDE scenario discussed in this paper.
As discussed in Section III, we will consider only positive
values of {α, β, µin} because of symmetry. Furthermore,
1 More precisely, we use the magnitude vs. redshift table publicly
available at the Supernova Cosmology Project webpage. This
table does not include systematic errors.
we will analyze separately the regions of stable acceler-
ation of points 2 and 5 (dark blue and red in Fig. 3,
respectively). The reason is that the attractor of point
2 depends only on α, while the attractor of point 5 de-
pends on both α and β, as shown in Table I. Because of
this degeneracy between α and β, it is more instructive
to keep the analysis of point 5 separate from the one of
point 2.
A. Constraints for critical point 2
Parameter Best fit 95% c.l.
ΩDE,0 0.719 [0.680, 0.765]
α 0.62 [0, 1.01]
β 6.4 [0, 83]
µin unconstrained unconstrained
Table II: Best-fit values with 95% confidence intervals for the
parameters of the model discussed in this paper. We employed
a flat prior on the parameters, and in particular 0 ≤ β ≤ 100
and we explore here only the point 2 region of stability and
acceleration. See Fig. 5 for a plot of the marginalized posterior
distributions.
In order to constrain point 2 with the Union2.1 SN
Compilation we compute the likelihood LSNIa, discussed
in the previous Section, on a grid in the 4-dimensional pa-
rameter space {ΩDE,0, α, β, µin} and we marginalize ana-
lytically over the absolute magnitude of the supernovae.
Fig. 5 shows the marginalized posterior distributions
on the single parameters. The best-fit values with 95%
confidence levels are shown in Table II. From these re-
sults, it is clear that SNIa can constrain to a finite range
both the present-day amount of dark energy ΩDE,0 and
the exponent α of the potential. However, background
observables such as SNIa can only marginally constrain
the coupling β (the likelihood stays constant for values
β > 100) and cannot constrain at all the value of the
asymmetry parameter µin. In the top-left panel of Fig. 5
we also show the posterior of ΩDE,0 for the case of the flat
ΛCDM model (dotted curve). As one can see, the con-
straints are only slightly weaker for larger values of the
dark energy density. Furthermore, the minimum χ2 for
the two models – McDE and ΛCDM – is approximately
the same, χ2min = 562.2.
By comparing the best-fit values reported in Table II
with the maximum of the posteriors shown in Fig. 5, one
can notice a mismatch. To investigate this issue – and
also the level of degeneracy between the parameters – we
show in Fig. 6 the relevant 2-dimensional marginalized
posterior distributions. One can see, perhaps a little sur-
prisingly, that values of ΩDE,0 ' 0.90 are allowed at the
3σ level; this is clearly due to the degeneracy between
ΩDE,0 and the parameter α when β is negligible and it
is similar to the well-known degeneracy between ΩDE,0
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Figure 5: Marginalized posterior distributions for point 2 on the parameters {ΩDE,0, α, β, µin} when fitting the model of this
paper to the Union2.1 SN Compilation [34]. In the top-left panel the dotted curve is the posterior of the flat ΛCDM model.
While SNIa observations constrain to a finite range of values both the present-day amount of dark energy ΩDE,0 and potential
slope α, they can only marginally constrain the coupling β and not at all the value of the asymmetry parameter µin. See
Table II for best-fit values with 95% confidence intervals.
and w for a dark energy model with constant EOS. Also,
the posterior on α and β shows a nontrivial likelihood
surface. This explains the mismatch between the best-fit
values of Table II and the maximum of the posterior on
α.
B. Constraints for critical point 5
As anticipated and shown in Table I, the attractor of
critical point 5 depends on both the potential slope α and
the coupling β. Therefore, a strong degeneracy between
α, β is to be expected. So as to better understand the
behaviors of the solutions relative to point 5, we will then
restrict to trajectories for which the asymptotic attractor
has already been reached at the present time. If on one
hand this simplifies and clarifies the analysis, on the other
hand this choice worsens the overall fit (χ2min = 568.2).
This is to be expected as the effective EOS weff is now
constant, and so clearly in tension with SN data. We
checked that non-asymptotic solutions relative to point
5 can give as good a fit (χ2min = 562.4) as point 2 and
the flat ΛCDM model.
Fig. 7 shows the constraints from SNIa observations
for the case of asymptotic solutions of point 5 for three
pairs of parameters. The top panel shows that values of
the (constant) effective EOS weff quite larger than −1 are
preferred. This is to be expected as SNIa prefer models
with weff evolving from 0 to ∼ −1 in the future, with
a present value around weff ≈ wΩDE,0 ≈ −ΩDE,0. The
second plot shows a nontrivial degeneracy between ΩDE,0
and β, while the bottom plot shows the expected very
strong degeneracy between α and β. From Table I one
can in fact see that for large α, β point 5 depends only
on β/α. The best-fit values for the three analyses are
(ΩDE , weff ) = (0.66,−0.57), (ΩDE , β) = (0.67, 3.82),
(α, β) = (2.56, 3.52), respectively.
Summarizing, we found that the proposed model is
compatible with SNIa observations in a large range of
parameters. In particular, we find that the cosmic ex-
pansion is very weakly dependent on the dimensionless
coupling constant β and even values of ∼ 100 (i.e. three
orders of magnitude larger than present bounds on the
coupling β . 0.1 for standard cDE models) are allowed.
Moreover, we found that the luminosity distance probed
by SNIa data is insensitive to µin. We have repeated the
analysis of this Section using the forecasted Dark En-
ergy Survey (DES) sample of 3000 SNe [14] and found
that while the constraints on ΩDE become tighter, the
8Figure 6: 1σ, 2σ and 3σ confidence-level contours for the rel-
evant 2-dimensional marginalized posterior distributions for
point 2. The black squares mark the best-fit values. The de-
generacy between ΩDE,0 and the parameters α, β makes values
of ΩDE,0 ' 0.90 possible at the 3σ level. The bottom panel
explains why the best fit has α = 0.62, while the posterior on
α is peaked at α = 0. The gray region is excluded, see Fig. 3.
Figure 7: 1σ, 2σ and 3σ confidence-level contours for the
2-dimensional marginalized posterior distributions relative to
asymptotic solutions of point 5. The black squares mark the
best-fit values. The gray regions are excluded, see Fig. 3 and
Table I. For each posterior, a flat prior on the parameters
displayed in the plot has been adopted. Particularly evident
is the degeneracy between α and β.
9constraints on the the McDE parameters α, β are only
marginally improved. This further demonstrates the abil-
ity of McDE to satisfy background observations.
We expect, however, that the value of µin will be very
important as far as structure formation is concerned and
that the analysis of perturbations will bring improved
constraints. In fact, as shown in [9], the perturbation
equations of McDE cosmologies are unstable with re-
spect to the asymmetry between the two different CDM
species, due to the opposite signs of the extra-friction
terms [see 9, for a more detailed discussion on the insta-
bility of adiabatic perturbations in McDE models]. As
a consequence, the growing asymmetry at low redshifts
related to the dynamical evolution of the background is
expected to amplify the effects of the attractive and re-
pulsive fifth-forces at the level of linear and nonlinear
density perturbations [see again 10].
VI. CONCLUSIONS
In the present paper, we have compared for the first
time the Multi-coupled Dark Energy scenario proposed
by [9] with observational data on the cosmic expansion
history, consisting of the 580 Type Ia supernovae of the
Union2.1 sample [34].
As a first step, we have performed a full analytic study
of the dynamical system associated to the background
equations of Multi-coupled Dark Energy, identifying the
critical points of the system and investigating in full de-
tail their existence and stability conditions. Among the
physically consistent points, we have selected those giv-
ing cosmologically viable solutions. Such analysis has
shown that all critical points are characterized by only
three possible asymptotic values of the asymmetry pa-
rameter µ that quantifies the relative abundance of the
two CDM particle species. Such values are 0 and ±1
(due to symmetry between µ→ −µ), corresponding to a
perfect balance between the two species and to the full
domination of one of the two species over the other, re-
spectively. This means that, independently of the initial
value of the asymmetry parameter µ, the asymptotic fate
of the universe in McDE cosmologies will be character-
ized by either perfect symmetry between the two CDM
species, or by the disappearance of one of the two. Addi-
tionally, our results identified a nontrivial solution for the
future evolution of the universe characterized by a scal-
ing between the Dark Energy and CDM relative densities
that keep a constant ratio in the asymptotic future.
As a second step, we have performed a full likelihood
analysis in the model’s parameter space, restricting the
range of parameters based on the stability conditions pre-
viously obtained. As expected, we find that supernova
data can constrain the slope of the self-interaction po-
tential α, which is found to be bound to values . 1.5 at
the 3σ confidence level. On the other hand, we find a
flat posterior likelihood for the initial asymmetry param-
eter, µin, which is therefore completely unconstrained by
the data, and more interestingly we derive the 1, 2, and
3σ confidence regions in the parameter plane β −ΩDE ,0,
showing very weak constraints on the coupling parameter
β. In fact, couplings of the order of β ∼ 102 appear to
be consistent at the 2σ confidence level with the fiducial
value of the Dark Energy fractional density. The cor-
rection to the gravitational force is proportional to β2;
this implies that an extra force, four orders of magnitude
stronger than gravity, would still go unnoticed in a SN
Hubble diagram.
The results of our direct comparison show that the
Multi-coupled Dark Energy scenario is practically indis-
tinguishable from a standard ΛCDM cosmology at the
background level, thereby providing a direct example of
how the background expansion history might be almost
insensitive to the internal complexity of the dark sector.
These conclusions still hold if one uses the forecasted DES
sample of 3000 SNIa instead of the Union2.1 SN Compi-
lation.
Observational constraints on the linear growth of den-
sity perturbations, and ultimately the detailed investiga-
tion of the impact of Multi-coupled Dark Energy mod-
els on the dynamical evolution of nonlinear structures at
small scales, promise to place much tighter bounds on
the model’s parameter space, and will be investigated in
future works. For now, our investigation demonstrates
the full viability of Multi-coupled Dark Energy as an al-
ternative to the ΛCDM cosmology for what concerns the
cosmic expansion history.
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